Abstract
Introduction
Etoricoxib (5-chloro-6'-methyl-3-[4-(methylsulfonyl)phenyl]-2,3'-bipyridine) represents a second-generation of COX-2 inhibitors that has been developed for the treatment of many inflammatory diseases such as rheumatoid arthritis, osteoarthritis, pain relief and acute gout, causing fewer gastrointestinal complications than conventional non-steroidal anti-inlammatory drugs (NSAIDs) [1] [2] . The potential use of this COX-2 inhibitor among the general public is high due to their improved safety profile over traditional NSAIDs. Traditional NSAIDs such as aspirin and ibuprofen, inhibit both the COX-1 and COX-2 enzymes [3] . The COX-1 enzyme, which is expressed in essentially all tissues, has been found to play a role in the homeostasis of the gastrointestinal tract and kidneys, while the COX-2 enzyme is absent unless induced by an inflammatory event. Consequently, side effects of chronic use of traditional NSAIDs include gastrointestinal ulceration and bleeding [4] . Etoricoxib, a highly selective COX-2 inhibitor, was developed in order to address the safety issues associated with traditional NSAIDs, while providing pain relief from inflammatory illness such as osteo-and rheumatoid arthritis [5] .
In order to provide quality control over the manufacture of any active pharmaceutical ingredient, it is essential to develop highly selective analytical techniques. Therapeutic importance of etoricoxib has prompted the development of many methods for its assay. The drug is available in tablet dosage form and is not yet official in any of the pharmacopoeias. Several methods have been reported for the analysis of etoricoxib in pharmaceutical dosage form as well as in the biological fluids and tissues, such as spectrophotometric methods [6] [7] [8] , chromatographic methods HPLC [9] [10] [11] [12] , high-performance thin-layer chromatography [13] , LC/MS spectrophotometry [14] [15] [16] [17] [18] and RP-HPLC method [6, 19, 20] for the estimation of etoricoxib.
Experimental

Reagents
All reagents used were of analytically pure grade and doubly distilled water was used throughout. High-molecular-weight poly(vinyl chloride) (PVC) was obtained from SABIC. Co., dioctyl phthalate 98.9 % (DOPH), tri-n-butyl phosphate 97 % (TBP), and di-n-butyl phthalate 99 % (DBPH) were obtained from BDH. Co., England. Tetrahydrofuran (THF) was obtained from Merck. Pure-grade etoricoxib (99.95 %) (C 18 H 15 Cl N 2 O 2 S, 358.1 g mole -1 ) was obtained from Aarti Drugs Limited (Indian). Uracil-5,6-diamino-2-thio hydrochloride (UDTH) (C 4 H 7 N 4 OSCl, 194.5 g mole -1 ) was synthesized ( Figure 1 ) and identified in laboratory by spectroscopic means. The H-NMR and IR data ( Figure 2 ) of UDTH are shown in Table 1 
Apparatus
Potentiometric and pH measurements was carried out using a digital Shott Gerate pH meter (Consort C 830, Belgium) with combined glass pH electrode. A water bath shaker (Grant instruments, Cambridge Ltd, England) was used to control the temperature of the test solutions. A saturated calomel electrode (SCE) was used as the external reference (Mettler, Switzerland) while an Ag/AgCl electrode was used as an internal reference. The electrochemical system may be represented as follows:
Ag/AgCl | inner solution | PVC membrane | test solution || KCl salt bridge || Hg/HgCl 2 (sat.).
FT-IR 4100 (Fourier Transform Infrared Spectrometer) Jasco using KBr disk in the range 4000 -400 cm −1 , Nernst glower, deuterium try glycine sulfate (DTGS), 0.1 cm −1 .
Preparation of solutions
Standard ET solutions (0.05-35 mM) were prepared in doubly distilled water. UDTH solution (10 mM) was prepared by dissolving appropriate amount of the compound in the methanol. ET and UDTH stock solutions were stored in dark bottle at refrigerator. 3 , glucose, fructose, lactose, starch, micro crystalline cellulose, carboxymethyl cellulose, polyethylene glycol, titanium dioxide, and polysorbate-80 were prepared by dissolving the appropriate amount of the compounds, and the diluted solutions from these were prepared by subsequent dilutions of the stock solutions. 
Sample Preparation
Etoricoxib tablets were supplied by Razi Pharmaceutical Industries (Aleppo, Syria). Each tablet was labeled to contain etoricoxib 120, 90, 60 mg/tab. The homogenized powder was prepared from ten accurately weighed ET tablets. An appropriate amount of this powder was dissolved in methanol and doubly distilled water. The mixture was then filtered and made up to the mark in a 100 mL volumetric flask. Different volumes of the stock solution were taken and subjected to the direct and standard addition methods.
Preparation of ion-pair compound
Ion-pair (ET + UDTH -) was prepared by mixing equal volumes of 10 -2 M methanolic solution of ET with methanolic solution of UDTH with stirring. Methanol was then gradually evaporated to obtain a precipitate. Table 1 .
Construction of etoricoxib membrane electrodes
The electrodes were constructed according to the method described by Craggs et al. [8] . Membrane composition was studied by varying the percentages (w/w) of the ion-pair complex, PVC and DOPH (electrode A), DBPH (electrode B), or TBP (electrode C) as plasticizing solvent mediators. The optimum composition that exhibited perfect performance characteristics was reached. The membranes were prepared by dissolving the required amounts of ion pair complex, PVC and DOPH, DBPH or TBP in THF, and then the homogeneous mixture was poured into glass Petri dishes (8 cm diameter), covered with a glass plate, and allowed to evaporate overnight at room temperature. The thickness of obtained membrane was about 0.15 mm. Membranes (12 mm diameter) were cut out and then adhered to the polished end of a plastic cap attached to a glass tube using PVC-THF paste. The electrodes bodies were filled with a 1×10 -1 M KCl solution and 1×10 -3 M ET as the inner electrolyte, and then Ag/AgCl was inserted in it as internal reference electrode. Electrode potential was measured against the SCE as the reference electrode. Before use, the electrode membranes were conditioned by immersion in 25 mM of ET solution for 3 h. K , of an ion-selective electrode (ISE) was commonly used as quantitative expression of the ability of the electrode to respond primarily to the analyte in the presence of interfering ions. The effect of the presence of some different species on the response of ET electrodes was investigated, and the selectivity coefficient pot A,B K of the proposed electrodes was calculated in the presence of related organic and inorganic substances using matched potential method (MPM) [9] [10] . The selectivity coefficient, pot A,B K , which was measured by matched potential method was calculated according to the following equation:
where a′ A is the known activity of primary ion, a A is the fixed activity of primary ion, and a B is the activity of interfering ions.
General procedures
The performance of the three electrodes prepared was investigated by measuring e.m.f. values of 0.05-45 mM of ET. The electrodes were calibrated by added volumes of 50 mM stock solution of ET successively in 50 ml of water to generate a total concentration ranging from 0.05 to 45 mM ET, followed by immersing the ET-electrode, together with a SCE in the solution. The potential reading was recorded after stabilization, and the e.m.f was plotted as a function of the logarithm of the ET concentration. The concentration graph was used for subsequent determinations of unknown ET concentrations. The e.m.f. measurements with the polymeric membrane electrodes were carried out with the cell assembly shown schematically in the section 2.2.
Potentiometric determination of ET
ET was determined potentionmetrically by the direct and standard addition methods [11] [12] . In this method the proposed electrodes (A,B) (ET-UDTH) were immersed into a sample of 15 ml with an unknown concentration of a ET solution, and the equilibrium potential, E u , was recorded. Then 1 ml of 50 mM of standard ET was added into the testing solution and the equilibrium potential, E s , was obtained. From the potential change, ∆E = E u -E s , we could determine the concentration of the testing sample using the equation:
where C x and V x are concentration and volume of an unknown sample, C s and V s are concentration and volume of the standard, respectively. S is the slope of the calibration graph (slope of the electrode response), and ∆E is the difference in (mV) between e.m.f. after and before addition of the standard solution. Standard addition method was applied for determining ET in commercial preparations.
Results and discussion
Optimization of the membrane composition
The effect of the amount of ion pair in the membrane phase on the potentiometric response was investigated. The data shown in Table 2 clearly indicate that the electrode (V) with 5 wt% of ET-UDTH ion pair has performance characteristics (slope 57.00 mV decade -1 , at 25 °C, usable concentration range, 0.031-40.042 mM ET), and response time 25 s. For all construted electrodes, the percentage of ion-pair ranging from 1 to 8 % was found to offer better slopes and correlation coefficients. The results obtained with ion-pair for the three plasticizers are summarized in Table 2 . The electrodes A and B exhibit comparable linear ranges and the lowest detection limit. 
Effect of the internal filling solution
The concentration of the internal solution of ET in the electrode was changed from 10 to 0.01 mM and the potential response of the electrode was measured. It was found that variation of the concentration of the internal solution did not cause any significant difference in the potential response of the electrode. ET concentration of 1 mM as internal solution was quite appropriate for proper functioning of the electrode.
Effect of plasticizer type on the characteristic performance of the sensor
Three plasticizers, DOPH, DBPH and TBP were evaluated. As shown in Table 3 , the best performances, in terms of slopes, linear range and detection limit obtained had the following order: DBP (electrode B) > DOPH (electrode A) > TBPH (electrode C). The working characteristics for the electrodes were assessed on the basis of their calibration curves. The TBP which had a low viscosity (3.11 cSt), led to leaching of the complex from the membrane. All further studies were conducted using DBPH and DOPH as plasticizers. 
Effect of soaking
Freshly prepared electrodes must be soaked to activate the surface of the membrane to form an infinitesimally thin layer for ion-exchange process to occur [13] . This preconditioning process required different times, depending on the diffusion of ions and their equilibrium at the electrode test solution interface. Fast establishment of equilibrium was certainly a condition for a fast potential response. Thus, the performance characteristic of the ET electrode was investigated as a function of the soaking time. For this purpose the electrode was soaked in a 50 mM solution of ET, UDTH and water at room temperature. The optimum soaking time and the optimum solution was found to be 3 h for 50 mM solution of ET. During this period sensors were washed with water after each application and kept dry in air at room temperature when off-use. The results indicate that for a time of 3 h of soaking the slope remained constant at about 57.00 mV decade -1 , at 25 °C. E, mV vs. t, min plots (Fig. 3) were obtained after the electrode was soaked continuously in 50 mM ET, water and UDTH for 30-630 min.
Effect of pH
The influence of the pH on the potentiometric responses of membrane electrodes was investigated by following the potential variation over the pH range of 1-14. The electrode response for different ET concentration was tested at various pH values. The pH of the solution was adjusted by adding small volumes of hydrochloric acid or sodium hydroxide to the test solution. As can be seen from Figure 4 , membrane electrode exhibited a negligible potential change within the pH range of 5-12. At lower pHs (pH˂6) there was a decrease in potential which may be due to the interference of hydronium ion and the penetration of H 3 O + into the membrane surface, or a gradual increase of the protonated species [14] [15] .
Effect of the temperature of the test solution
The effect of the temperature of the test solution on the potential response of the membrane was tested by following the slopes variation in the temperature range 20-65 °C (Fig. 5) . The results show that within the temperature range investigated the electrodes respond practically to the ET concentration with slopes from 54.23 to 57.30 mV decade -1 and usable concentration range of about 0.031-40.042 mM. 
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Calibration graphs
Using the optimized membrane composition and conditions described above, the potentiometric response of the electrode was studied based on the ET concentration in the range of 0.01-50 mM. The calibration curves for the electrodes A and B containing DOP or DBP as plasticizer gave an excellent linear response from 0.031 to 40.042 mM, as shown in Figure 6 . The results given in Table 3 show the characteristics performance of the membrane electrodes. The least squares equation obtained from the calibration data was as follows:
where E is the potential and S the slope of the electrodes. 
Response time
The time required for the electrodes to reach steady potential values, after immersing the electrode in different concentration namely from 0.05, 0.5, 5 and 25 mM of ET solution was studied. The average time was found to be short, ranging from 10 s for concentrations 25 mM and 5 mM, to about 25 s for 0.05 mM solution. Two electrodes gave the same range of response times. These values indicated the high stability of the electrodes during the measurements. A typical plot for response time is shown in Fig. 7 for the electrode based on DBP as the plasticizer. 
Lifetime
The electrode lifetime was investigated by performing the calibration curve and the periodic testing of standard solutions (0.031-40.042 mM of ET) and calculating the response slope. It was observed that the electrode B exhibited good stability in terms of slope in the linear domain of concentration and the electrodes could be used continuously for about 55 days without considerable decrease in its slope value. Electrode A exhibited good stability in terms of slopes of 56.20 to 53.4 mV decade -1 in the linear domain of concentration from 0.051 to 39.810 mM. This electrode could be used continuously for about 44 days. But two changes were observed, firstly, a slight gradual decrease in the slope (from 57.00 to 55.23 mV decade -1 ) was found, and secondly an increase in the detection limit (from 0.023 to 0.2 mM) was noted. However, the electrode with DBP as plasticizers could be used for about 55 days without any considerable decrease in the slope value. , and some organic compound like sugars (glucose, fructose) and excipients on the electrode response was investigated. The selectivity of the electrode was measured by applying the matched potential method (MPM). According to this method, the activity of ET was increased from a A = 1 mM (reference solution) to a′ A =1.1 mM, and the changes in potential (∆E) corresponding to this increase were measured. Then a solution of an interfering ion of concentration a B is added to a new 1 mM reference solution until the same potential change (∆E) was recorded. The selectivity factor, pot A,B K , for each interference was calculated using equation (1) . The results are given in Table 5 . Results revealed reasonable selectivity for ET in presence of many related substances. The selectivity coefficient obtained by this method showed that there were no significant interferences from the cations, this reflected a very high selectivity of the investigated electrode towards ET. Even though, the inorganic cations have different ionic sizes, mobilities and permeabilities they did not interfere with ET. The selectivity of the electrode towards neutral sugars was evaluated. The tolerance was considered as the concentration imparting a ± 0.2 mV drift in the potential reading. The results indicated that glucose, fructose, lactose and starch did not interfere. The experiments showed no interference with respect to ET response for electrodes A and B.
Selectivity of electrode
Analytical application
The ET membrane electrodes were used for the determination of ET in pharmaceutical preparations using both direct and standard-addition methods. The direct method is the simplest for obtaining quantitative results. A calibration graph was constructed and concentration of the unknown was calculated from the linear equation of the calibration curve. Direct determination of ET in tablets was carried out using the developed membrane electrodes. The results are summarized in Table 6 and 7. The content of drug in its formulation had good agreement with the declared amount. The standard-addition method was applied by adding a small portion (1 mL) of a 50 mM standard ET solution to 15 mL of various formulation drug concentrations (60, 90, 120) mg ET/tablet, (0.167, 0.251, 0.335) mM. The change in the potential reading (at a constant temperature of 25 °C) was recorded after each addition, and was used to calculate the concentration of ET by the equation (2). Thus, the determination of the concentration depended mainly on ∆E, hence, to obtain a noticeable ∆E we needed to prepare a higher concentration of the ET standard. Results of the standard-addition method are given in Table 7 .
The determination of ET in tablet was carried out using the proposed electrode. The results were compared to those obtained using the spectrophotometric method [16] . The determination of ET in its pharmaceutical formulations Etoxia gave an average Recovery of (100.06-100.75). Mean values were obtained with a Student's t-and F-tests at 95 % confidence limits for four degrees of freedom are shown in Table 7 . The data reveal that results compare favorably with those obtained by spectrophotometric. The results showed comparable accuracy (t-test) and precision (F-test). b Theoretical values for t-and F-values at four degree of freedom and 95% confidence limit are (t=2.776) and (F=6.26).
Conclusions
In conclusion, the developed PVC membrane sensors described in this work offer a simple, accurate, selective, and specific tool for quantitative determination of ET in some pharmaceutical formulations. The membrane sensor ET-UDTH based on DBPH, seem to be better than ET-UDTH based on DOPH with respect to calibration, slop, and accuracy. The statistical evaluations of the proposed method in comparison with spectrophotometric method indicate that the method is accurate and precise. The proposed analytical method is proved to be simple and rapid, with good accuracy.
